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im% 1 1 &£kmmncmM item mm 
it 1 1 1 wmitmmftfr ft * x \> * + ;wi t *» & 

R> < 7 7 7 1 $S£ll*£<9ft£{*fr ?> ft 0 , BUlS^ 7 7 

rS*«l«f5*ieafia:» a s-g r ownttflT'tl 

sestet mmmt lts«u *ow»o^« 

ifc^¥S|{*xe**S/+;!/"7X/N 0 
[M#«2] ±E0/W7 7l*«j«T*.iiilSfitt 
tf, a s - g r o w n^TffiaofclflfflioftfifS* 

3 oswrtfctsc i laiofk^ 

[0001] 

{*^e>ft-5xe^*e/+;i/i%tt'5^%^{*xtf 

Jf+Sz-wl/frXAlcftfe*), »ic % III ass8fk«*WI* 
©*Bfieo«^f*^ ^W-y7r 8£ Jitit 5<t£ 
!|#gttxe**i/*;V7XM£l1-5 0 
[0 00 2] 

fit*, WfeLEDKffl^nSIII MS 
{fc«j¥*f*©x if * * i/ * m 1 5 <fc£%l¥*ftx 
fc?**$'+;l/7X/\£fcVvttt, V77^7 (o-AI 
2 CblM&I) SttLhKA l« Gay I n.-«-T N ({§ 
U 0^X + Y<K 0<X^K 0<Y^l)fre>ft 
*xtf**5/+;H*«#r*fcl*U -9-77^7a« 
±£Al. Ga>- N (O^a^l) ^645/^77 

1 (Iff) *S*J5©*«-IRWl?*-3fc (8M¥2- 

2 2 9 4 7 6^$g#!$) o StSitS-9-7 7^7 til 

mmc&ztctb ( rB*s3 B B B $5^£aii , vo i. 1 

_5_ (1 9 8 8) % 3 3 4H#88) , ^^777l«> S 

T, ^*SSK:fiHT4xt;**->+/l/JB©£iE«lB 
°!cWm B B p a pM«&{t£<gMT3^ ISH^WKlgft 

[0 0 0 3] fi£**^ ^7 77lA^filt^*S B IJB 
HBKHtTW: riMKl tiTtti 
( rB*^ H B H ^g^i£j , Vol. 15 . No. 3& 
4, 7 4-8 2H) o S61C rifSHJ «fcg*Ht> 

/Vy77»t?*5i;*nTtfc OT¥2-2 2 9 4 7 
6 o Hlttt**J:D#*.U*fcS*iT*fc 

^% ; St5/ i ;<y7 7«cD»T3D^iao-«?']T'$.?.o ft 
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2 

*©/W77l (1 0 2).©«J«±{*tt, &<£"C'felE 
B B B ft{* ( 1 0 4) T'&Dx #£ B B B & (10 5) ti^<04> 
fcB&lCftfcLT^SiOTfc*. ft&0# B B B Mfr5>ft 

se. ^*D^ B B B a^^ B B B anrt(cjgabTi/^t<D 

[0 0 0 4] MI^7 77i«, Alt Ga, In 
,- M N (0<X+Y^K 0^X<K 0<Y<1) 

io i o o 0T@£&iWi*ft^©«ffl-efTtoti5 

t, Se*^6 2 0 0*Cet<«4 00°Cfr<b900°C 
(WP4-2 9 7 0 2 3^, 1f^¥2-2 2 9 4 7 6 
#Rtf«fM¥7-3 1 2 13 5 05fiffi#!!B) «l^tt4 
0 0»yoOt (W6- 1 5 1 9 6 2*t£fR# 

0 °C hu& i: 1/ > 5 ft*fr 6 * ft? ^ 5 iSSI6Hfc 5^ 
Tttl<Wfg^Slt^^7 7 7«©fi!tfijS)ei: LT^ffl^ 
20 nT^5 (77 P 7'CF 7-r7*3. L-*-X (A p p 
1. Phys. Lett. , 6_8, No. 2 0 (19 9 
6) , 2 8 6 7-2 8 6 9H) . £/c> ft*©3E B B B «^ 
y77Jf<D«IPiWa> 1 0 nm~5 0 nmtiKISS 
SftTVS WWW2-2 2 9 4 7 6*t£«#!B) . 

[0005] ±E0to<*j8sftst^©#flK®'W 

TO£HS t. SUSS (010(101) m) <o% 

ifu (0 1 <o ( i o 3) ma xmmt&m m 

10(104) #89) T?*ffl*tiTI/^t©T*5. C 
30 0${Cg&gffitf^ B B B ®{*M{C ^ fj a««K:^K« 

fcfto, iST'^fi*n5^fiio2^7c&i)ft (¥ffiW 
ft) <as*<ffii«n*fc*A6nTt/'c. (6S/^v77 

■±fciffiT'1 1 1 ffiS{bft¥ft{M*j£M?««&lcfiE 

to #AMIrticlKfiEt6WISiitf! (10 5) ^rfiicfi^ 
tfclSSJft ( 1 0 6) tt» «R ( 1 0 1 ) « 
S9# B B B SW*Titi2i:UT2^7cW (¥6fW(c) tc^Jt 

st5 0 jafi^aff-rsKUti/v ±«*»»tf¥«4«* 
40 a ( i o 6) mmzf&m ( 1 o 6) ttasfcg^ 

UT, WTl«t48. 03{il« (10 1) 
t5^ B B B Sl^ili?aT'0^)i^tC^^Tt < £ft<£!# 

[0 0 0 6] tC5*^«, # B B B §0^7 7 7l±'\ 
M » 7 7 i AIMKTIC B L , 'W7 
50 % ifii®fi!cl^'\0^ : ft?.l^(D/Vy7 7lomiO 



(3) 

3 

kLfrfflg. do8) x-m^m (ion ©»< 
ii-r^o ®mcmim?Bm a 04) <o-m 
B^titcm (io9) t%zi§s$>$>z>o m&ft . 

(10 5) ©£<{if©££$#LT$M&£li{ft-f 

So # nftfr e. * s / < y 7 7 atomic i o 

S$g«©^ ^S<D^^0 5?:S^i}iBj3t5o * 

tMM& (105) mtLrmt^m (106) 

£ B B B gl£tfillLT^51IJi (10 8) T'tt, 10 

sta««#fiE*-f, ««*#ft^fc»rtft*©«ii*a^ 

jWtttt/hSt^. C©rPI$ (10 8) T'ttSfc, #h b b 
fig (l 06) BtK (»B) #lftfctt«lcrtft1-4«W 

bps, «wiftoi*ftatfWiMiKrfticjt'<Ta< 

7-f7Cffi±©C a Nfr^&Sfilcfig©^ G a NO 

«*«?© c mfa?*& *) , • t tt*©*sflw?© 20 

a«i*i5j-p*S. fc*fc*»£A<T*l»W»# 
Lfc««T?tt, HUSiltt (l 0 5) *«fcl/C84Lfc 
fcSfig (l 0 6) (42*7C«ft«fiO««*^LT«ttr 

t o o o 7 ] ±E©«K# USAy 7 rffic J:«ISAa 
SSBiO»lI©WjlR{4, A 7 77i±f<:fi)ifiStf£III 30 

©^nftjageacttin ffig{t«wf*s©sffimi 

mmgtZo H 6 ttlf JIS*^ft« Ay 7 rlltc 
igfiT'figfib/cIII «0ift1IMI**ftti*»64*x^#* 

fctfyh (»L) ©^A^&n«1Rtt©Kiiift£H 

T*£3o Z.<DX\£$*i/v)]/M (110) fin^OAy 
77l (10 2) £pJ&<D%-<DX\£#*i/*>],n (1 
1 1) tnft<D'%-<OS.\i?*i/*m (1 1 2) frS 40 

ft*pnJ8#*#tffc©"e£S«> tf-vh (10 7) it, 

tsn£& don nmmuc/U77a (102) 

*«*-r*3f*H»S«jBftUftiW« (108) fcB{*ft 
(£UT58^t«o PIS* (10 8) T*«, H&T^fiScfitf 
±8E©«Ktttt©l6iafr 6 ft« 

St*«£tf'hS<, &KttJIMfigMI (HMD tLT 
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fcl>Tfi, tfy h (1 0 7) gffT\ Ay 771(10 
2) fc£Z©xe**S/-wH (112) fctfliSWK: 

tf**5/+;H (112) t/W7ri (10 2) tils) 
-oeWBfcS* SJHTfcSfcak fiillBITiaWftI 
ltf58£f*. #ll®&ll©r8£tffl$£fi< fttifcHW 
lefcoTtt* S-RtfSr©xe**S'+/l/14:"effia 

tspnsteiwfrssftisso i^u mm±m<D 

Ifi«*i&»*3»MW* l }fi*lxfc»«-Ptt. 
Si8KJ:9iE1irftpn£&#fcfc5Sftav\ BPS, * 

€rxt:^*j'ir;Hft»5ff»snfcpn«^Slll ft£ 
fkWHI»3»tt^*-K (LED) ©«8K-SEE1$te 

©-erafe*. try htfrnimm-mmmis. 

K, IW«f**±ftt LT$fi)t£ft5<&fc©Ay 77i 
(C^oTti, IMI8'<«y 77l©$££<fc DISJi^WK 

fe*««lcfeII^*ft^cfctflOTfc*oTWfc. 
[000 8] 

/W77l*«*fcfc^¥*{*xe**->*/l/*x/\ 
fcttHt 5 m&lt. Kffl»*Tfc fi*tt 5 a y 7 7 1© 

(US) ©SiBOBSKfeofc. fcT, &iST*©/i!i! 

U «H«S©*ffi*7l5^t»aT»f «^»7riW 
fig-r S c c J; 0 , V&LMHUlx y 7 7 IKM-f 5 

x^;l/^-%i)lgLTfei«fi, ISftOinK^8A(cii£ 
i;^v^^73^fiWt5^fi)cm^l1-4cfc^ 
S^^n^o IWKttt^ cfc0^f^^?F^©IS 

^73^rts-r4is B B B mi©-otc«^ B B B ^5 as 

ftA y 7 7 Jf(£j££g£& 9 0 0 °C ^S^. SlSfi 1 1 5 

©, #igi6ft^45A.y7 7 wmo sit. mfr$& 

!lf*gffi ; e7*D^-^4A%^^©a*)b^Ay77 
li: LT^JiT'^Sfc SnTffc (^¥4-2 9 7 0 

2 3 Jfatf «f P*W 7 - 3 l 2 3 5 0 . 

[0 00 9] 

^fflt5^y77l©TOttT, #$g B B B ©^WBtt© 

esjftpg^ ^-rnti'#^ B B B s^^{c)fMTt , so 
*©*B®tt©}g«Mt;K:*^!fi'&«£-rntf, fit* 

©iMlKfr 6 * 5 A «y 7 7 HcttR* 5 ^^«r&aT t 



(4) 

5 

£#iffl Kgftfc3iS£ H H B &0lfe£ftfr 6. & 7 7 7 JB£ 
Jg$t 5 C fc tfT't 5 C t *HtB L*aWK2o fc i© 

m&^77m*®l$.?%%!&&mi. a s-g r ow 

mm^mm¥-m%L<immtttix%zctz io 

?#® £?**>©?&£„ Sfc, *56W««HC, ±E©>< 
7 7 r l*«J«t SUMSSftff, as-gro*n«JS 

[00 10] 

lffflo>$ffi(D&&l $1\ #ISflfc:«to5/<-y7 7l 

*iiiSfs*rfi%Biwt*. /^y7rittmtf, 7/u 

5^7A (Al), 3Qry«7A (Ga) . -<yi?7L (I 
n) gUtt*** (B) fcfe-o©II I $ 

7C*fcg*i:*#tHIl «3fc«#*Kfr&«iS-rs. 20 

com «aft»*#*o«ctt, afc*u«7/» (Ga 

N) , IfkT^S-^A (A 1 N) JMMM>5>*2» 
(InN) ^0 27C{k^flJ^*5. Sfc, Sft7/1'5- 
7A-^'J7Ag B B H (Al» Ga.-. N:0<x<l 

(u~f, no ) > sfkJffu^A'^^^Aga (c 

a, In,-. N) . S{k7;l/5-7i*-^y^7A?I B B B 
(A 1. I n.-. N) 9©37GWf>8fl:7Jl'3x<7& 
•fiVtrl»"(y*JVl* (A 1. Ga b In. N:0< 
a, b, c^K a + b + c = l) ^F©47cSS&ifO 
^7C?IbI^5o *!7**frtJBi A 1. Gar In, 30 
N (0<d^K O^e, f\ g<l> d+e+f+g 
= 1) *^t/Vy77B*«lK-etSo H£, S*7G* 
JiW©fc* (tc*E9 : A s) *y > (tc*E% : P) 
*OSV«l7C«*dtyiII IHt)l*8MH*If| 
fc f&to 3 ffiS' < y 7 r MZmtilt S c t #T 1 * . lO 

wsoav«i7ais*dtriii mmmmmctt, it% 

j^GaNAs, GaNP, AINAs, A 1 N P, In 
NAs, I nNPfC (III ) • N. • V,. ( (III 

) itmu mtwtm* vtts*Jiw©sv8t7c* 

0<m< lt*S.5o ) ■0K}S**l*-O©SlI 40 

i «rc*fc-o©®v«rc**£tt3 7t£f6llff*5. 

f/ts AiGaNAs, Al GaNP, GalnNA 
s, GalnNP, BGaNAs, BGaNP, B A 1 
NAs, B A 1 NP> BInNAs, B I n N P> Al 
I nNAs, Al InNP, A I Ga I nNAs, Al 
GalnNP, GaNPAs, AINPAs, BGaN 
AsP, InNP As, AlGalnNPAs ^©Jlifc 

©si 1 1 mt%tm±^%t')ymm^^mz 

*^6aS4 7C«iSi^7£ISJt^6fc/<y7rJB*fllja 
TtS. 50 
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[ooin mwxn, ±ie©m «gfc»¥*{#t 

6 * * *Jg Att© ftdtt« t o y 7 r 
#^ H B B ^3!)^/^y7 7l5r«fi!ctSlte(4, ISA 

T$77T'£5 Cfcfc J; 5 0 £©«£*©»£»«: J: OWE 
©jJK iftfflTWW 7 7l©r8£tffcikT*4 5o BP^> 
*fSHTtt, 7 7«©«lKg*fclJ£*©2Mifii:tt 
SK**il«6fittfc**cfc*fcoT/<'y77l©ili* 

[0 0 12] /Vy77S©fi}jaS«-e*« 

<D*frc>%ncmfe2tirzm.mx'3bZ!to6 o o we 

*S17 5 ortcft^T, *g*ft©»ffi49J»lcJ:») a s 
-g r ownttffimSfcOTfc*, ^OttKLTJgJ* 

«nfc*isii«[©*^*fr6flijasn*/^7ritt» 
in &§{k$i¥«tti©Sffi*7*ni/*-©f!£fre>ffi 

SMrWWffttf, SE*©ffiifl-ef§&ti5#eS^-y 7 7 

&*ffi*7*ni/*-tf^*e>;n§o <:©affi*7*aj? 
-±©«Jlt4**JllHK:ov^TW:iBettttJ**v^ 

limifmsomtawL (GaN) *»&ft*/vy7 

7 l*»*t *«**«»C , r *• itfSWfgfi?©' * 7 7 
rI<DMt'ti> pseudophorhis m©tt§: 
fr£>%iILfcF r a n k- v a n derMerve© 

as («□ m mm. mm • mmm 

«3a4 7$l 2fll5B4M!) , 13 

7 7 7 1 © mXli * 7 7 f" 7 G a N ©* KWftfil 
i:^5> «fc9±# - PttGaN©ft : FlffllW<:ifiHtTa j f>^ 
^tfkLT^7 77*©gffiilT«G a N©ffrFIHHfc 

'igbTv^pjfiEtt^feSo -73, j±««Kjat?©jfin? 

(4, ^J^.S1Si:©«?^l^tt^#atTt^ , J7A 
(Ga) (N) K^tfaSTSax** 

wmmfrZG a N**©»?iHH*t)r3Tiaiisns 

HrflHt^feSo C©^*G a N**©«ffl«MlK:ifi^# 
|gH/Vy77Stt J f©±C0IAtfG a Nl^tS^ 

mttUcibfHmc^m<D=.X7-< 7 MSffi^fc^tri 
©t^oT^So c©^l©ISft*PiS©#fti:*©fi* 
(Ccfc 0 , Bffl-ejaSll/feiMSfi©^^ 7 7l±KJe«$ 
tis^fiia^ffi ; e7 * n t©ic^s t © t 

[0 0 13] ±E©»<, /W77«*fl»fi&*5Jt«8B 



(5) 

7 

Zto\z.Zo H8tt*»Wfcfffc4«6i!jS*6 2 0lCfc 
IX (0001) +r77-f 7m±lCfS.^itrz, a s - 
g r owntt^T'S{C^ B B B t^oTi/^^B B a S<0* 
SttfrSfljaSftSSfbtTU^^rH (10 2) 

±ic, iag i i o o °cx'jy K-7»fctfy ( i 
l 7) *j8ft?#Tft*xe#*$'+;WI©(rfl5TEM 
»o«SH'pa&*o /W 7 7)1 (l 0 2) fctiltftss 
(113) ©^<tt*¥fi*'S«*iioiBiI* 
fiuc«fkt*tt«o»»*«^T^*. (ii io 
3) ©ais (ii4) mmmcMtLT^zrctt). * 

MAtt (113) ©£»&&E (114) fitiiiStttft 
?T^*WW£l\i (113) ©na?©^ 

m (1 1 5) 0Wffi8fgtifc&«i:tt*?T435-f, 

ft9affi<fc!)^ltiL.Tt^lB&i&H8tg£ftfti/\ ) - 20 
tfbtf'J 7 AA«y 7 7A*«MW-*fcii>fclSSfiS 
8 0 0 XSLtt LXBtiilk, fie*Ofi3BCffte5 

**£ A8©j&# t 5) ©£*;t»±ie©t§£ t f*a 

ttcgft3i©i:ftSo @9tJj£fii&fi£9 2 0°Ci:L 
TritSS^fc, a s - g r o w nttHTHC*ISSfc4 
oTV>5^fWU7AA-y7 7l (10 2) 1 1 

0 0tT*7>K-7§{tA*U7i,l (117) £fi)cS£ 

5 0 mmcit, KffiTEM«^lfe©«fti:LT£tt5 

(102) f±^ttt)*jgse (ii3) a^fltissnT 

i^5Ci:li:St>9ttftv\i L*»U JMSAS (113) 

ofcftttT**. Lfrfc, n^HI'Jffi (114) US& 
5« C©/W 77l^6'f#e.n§ R H E E DflMiXtf'y 

ft^*B*o/W77i*«»j«*n«9oox:*aA* 40 

JiEftSfi (W¥7-3 1 2 3 5 O^fRW TUP. 
tl3><y7 7ltt» «*»k:|l|SWIfc*oT^** < , * 
©■4HfWt*J|l|SAtt©JB#l4, 6 0 0°Cbu?^©J; 0 

fc. *fc, #*ISAfi[ (113) ©K8Bttft»«i:ft 

fee c©S&tf©&g©f8£KfljS-fafr©8H^ >^ 

7 7 i±©jssi sat « Aft ^©s«^ B B H©as^ s> 

ft (1 13) ©£«flB5ifi«frP>B£LfctGtfc (11 50 
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6) ««Stf»«ttlc5EaLT'W77A (1 0 2) ±© 
§{b#U7AJ3cftl (117) ©SBufCgSg, 11L 
Tt^CiiT'feSo £fc. Cffi (1 1 6) tfJ&IA (1 

1 7) ommicmmucmfflciivv h emu w&& 

X'%zi&R±<Diamt* <m6©nu6Att©ffl5fc£$i 
bx&%.z&$mmmt. ixmittfaizfevzfc 

W*JMSSe*»6^-v 7 7®£8WctS tc^. 
ft, *ft*$WW><W«ftftett (*^'JX7tt) ©m 

^B B ae©*^f*^6^t5©Tii^< , m&tttf® 
&<i©£® ©atf *»« * * «ia^ e ft s iwsAtt* 4 & 

/W7 7«£$&tf3t©T'&3o 
[0 0 14] S5K*!8WfcttfeSI«SAtt©*#ftfr 

E©Efltt*S£bT^5j&fcft»ffi!&5. Bftttfctt 
ftJBTtt, IIS(C^itLT*^<*?:^t5§*ISB B BiM 

©*§A©£tt*s3. MAtr, eftSfiaBS±^©* 

(ISb b b)B) ©K9J£ftfrS*nacfctf-C-£5o ISb b b1© 

ss^tttt. -«* wnaa»iflWMi*i | Jfflt s 

^B B B^^r4©-aT'S)§»fffiT EM (Xr a n s m i 
ssion Electron Mi c r os cop 

e) mc&z®? (bd •owwpssaiciHiJtftc 
01 oa. 7^-7 (nhb ) zmm 

(N) HfcU hU^^;V**U"7A ( (CHi ) 3 G 
a) £#'J7A (Ga) Sifc LT/£fiS$f£6 0 0°Ct 
UTl«»ISnfc«JP*tt5 nmfr§t{b*" , J7i. (G 
aN) /Vy7 7l©WBHTEM»©*SHTftS. /<f 
7 7U4SE»ffii%tt««i:-r5*ISAa (113)* 
±ttfcLT«jaSft*t»©fcftoT^S. 

B B B?i (113) mm?mm$%t&%m («? 

9D *«*l«ti**lftl (l l 9) , BrB. *SB B aIS©«Jf 

mm77-(7mm (ion ©gjgtwuT^-rt 
(119) fl»*»Wfl!)s3Eia)*tt**tfeo'e 
[&] (i 1 9) *^-r«TFis «frf«o ©sflwatr* 

l^©ft)g ((12 1) ;WT, SMftJSt^t) *t>^> 

T^iwtc^^n^o c©fta^oai?ifentf#iaAtt 
ra©Eiflj*ffi(4P-T*fe5i:f5, bp^, -a-rst© 

©¥^<fiT'gtt©i:t5o 01 0fcS7j*Sft5#*&J& 
S©ff«> *<ST?tHMT*oT, *ISAS©^« 

ut («SjS) ^©«itc«koT«ft-rst©'e«s. 
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[0015] *ftWT-n. ±&<D$gftmzMfcizmz. 
c<DSMfte^3oawi*itt§o %m&*3omj. 

III »k»«ttHO^ B B B {k^{Slt5fc46T'S 
So JttgJMkQgfttt. m&ltMIXtMsI9T& (Hr 

gffcff 'J 7 £¥*SAtt©28ft A t , PMEfl/ W 7 7f§ 

¥tMW*T?**& /^7 7 7«±tfig)it5ll! 

<k»¥»f*i§©*SSB B B {k©gigtf{a^ c t *a t x 
So 01 7{c^Tto<, teM'*v77MZftl&tZ%% 
AttlWc»K**4a»*«tf4<, ¥$ffJ4$MftS 
tfas-gro wntiT' 3 OgWrtT'&tUf , 
j£l$£ttSfi)cfi®tco^Ttox R Cj£T-i8J££ftSIII#r 

^*-yo*ii«tt/h«<«ifiPjjn*. -r&fcsco* 

fcfctt-lRfc. III KS{t«#W{*Att*0IBui£ifi«© 
£t 5 ttattfftf' 7 7 1 1 iSfifiicSl (0® < Wffl 20 

©fiKS»!b^#e.ns<DT*fe5o 3oa*«ntb 

*-y©i|HMBttfattcJ|rt**. cfttt, ffiS^'7 7 
tclit (C g4 5 fcfc, M*H«T©rtltfc»^T t> SW 

2 OH83 o%tt±fcft*fc*SA£**IWAAfc-r 
S©«3IU\, 

[0 0 16] ±IS©II1 ^{k»¥#f*fr&45>W7 
8A»SLLfcB«^«*SP8©tfft£ifcli:ft£ 
MRttfttNi ■«E*W4i*E#5S©M(>C V DfiJcSS^ 

;i/ (mbe) ^fk^e-^xe^+^t^ (cbe) 

ffi*©jaftaffifc?Uffl?* So MBEftlCtt<£ffl*SJI 40 
SOiBSStftoT, iJXV-Z (Bgft: GS) MBEV 
ffft&JI (MO) MBE«©£5StfW5*Vfft?fc£ 

»h:4v\ cnsoiSfi^SKttoiii aaHtiiMHW* 

^0 

[0 0 17] ±G©in «aik«*#f*^ 

64*JWS«t*«S«iii*««-**«»< KBLfcJ* 
tSfttt©«^f**»6^y77»*ffliat*. ±BLfcfi 
no*ft»S*PJffl1"*lCUTfe, SffctfUfA (Ga 50 



?$&f!¥ l 0 - l 2 5 6 0 8 
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n) zmttm. gmmzmtzmm.fr<brt 
y7 7n%mi&.tsK.it* jtrasas*, &fc4oo 

iCWJbfctiaBjWb*. t#£ftS$IS B B B ia©J&#fi/i!c 

wm.K^mLxmtt^o »4ooic*^»5oo 

ic«©Jt8Mffi^fflfi«lim WttAttoSttU. K 

vmtmmv/ nut) tfco-rttfk 

flftffc tcoT'fe So sooT^Mxfcio^eoo--? 
5 0 0 C<Di5HT'«, #ISAett*¥KriI*Aft«$©* 

IS fifitt ««0*fi%a Lfc t to t 4 

So coft»tt©5§ea:^y7 7»±icitarrsj8Si 

7 * n $;-©&» s $> «k tntf , *is Aft©«tt t 
bxtmm* m#%L<itm®%mbtzm 

* s ft tt«cD#$s B B B saaffi^{c m s 
js§s£5*«fc©»di?$-u>fc©-e&*. c<octfr 
<b. mtmvh/^y77m<o&Lwm.tLx\tmo 

0°C~7 5 01C*K»*UK 

[0 0 18] ±fe©«HcHk#l>7L©lf^ f6fi©$ 
4 0 0°C~5 0 0T8©fiiSrteHlfcSH*Tt>*iaA8ti: 

j&£2ftSo it«aM8io«BKSH^T, v/ i 

i. sx i o 4 vL±ttmmttmm&mm*>ti 
So LfrU4#e>> c©«4JtttWffiS-cf§&tis^y 

l fc«4 wsab t visas t wmtEtrc t © t 

4S„ -73, »6 0 01C~ft7 5 0'CO»$U^Aa 

»o/t*tSAS"e^»K»ffl-et*. bp^, *-©iifi!c 

fr5>4S^AS©*^(*^e>^7 77A*»8T?S 
So *ig B B B ^{i«^5»fi!cl^(El-rSfi!tfi^t UTff 

ffltsc^^^nr^s ( rB44SAAft^ttJ , 

Vol. 1 5 (19 8 8). 3 3 4 JO . tifoT, *- 
0^«*»64*iM8Att*»6^y 7 7H**fi£-r « C t 
(i^S^co^Sfk^tfc5>$nSCt^li»b, BRfi© 

(OlBfflt-rSCtT t/c^SnS-OCDfiJ^T^So 0 
1 Hifi!tSraS6 5 0 o CT'C®-9-7 7'('7SS (10 

i) BcimLrz*ftmc%t>z%ittfvvi*rtv77 
loWiBTEM«©sSHT*5o i^BK^nssn 
<, /^v77l (102) ttStfo^ftas^ft^ai: 
L, *¥Wffi»tt*«AftJBi:*5ftStt©**SA«[ 
(113) <D*^^e)«fi!t^nTt>So ASWM8A 
tt (1 1 3) 0«fittC©<Slfifi^ttfefeJ:*, 1 5 
•fJl-Z (nm) ±5 nmC0|i5Hrt{C^So CCOtKII 



(7) 

11 

ikftT-mztizcticmwiz^o ee^ Sffigffi 
cooi9] mmzL^tftmmmitmitxw 

(A 1 N) tfSU^fi 
i&tttg^ iliZSflOKc^T L£] 6 5 0 °C~#) 8 0 0 °C t 10 
7)\>^-VL (A 1) tfiVVLZmfcmtl 

r^tfiii &g<ktti<§¥#f*fr htt'^jnmm 
(I n) *3*rrs, matt Lit 

mmtfwu yvv h<r>Y-\zymmfo \ o ffi c 
m" 3 x*&m, m u^ssafiwa, soo o c~6 20 
oo\;t-&5„ 

[0 0 2 0] gtc^ B B H li(D@E[B)14«:-1ii:t5tc«, 

v/ ummmcmLTm%.znrc&mcw.m# 

WMtt'J5. Hk#U7A (G a N) Jf©$g£ 

k^t> mmfc7im<DmtiT-mm7yi-7 

(N Hj ) MJ^l/tfU^A (TMG : (CHj ) 
3 Ga) ^©W^'^A^^t'^JfCtnH V 
/ uimifiScS^msn^hU^^;^'^^! 30 

\Z.ltit%7y*:-7<Dm<D\kMT'%.ZftZ>o {?Utf, C 

a ( (000 1) I) ?77'(7zmmtLTmw) 

7Afr5>&SAy77l%f#5l^ v/ mtk (77 

*=.7/TMGmtt) mti, 1. 5x10' i:-rn 

i£ftS 0 EP^, «^co^fi*«i:*5i:t{cj;o 

[00 2 1] ±ia<DSB(S]1t«S«^i/Hix^^*->^;l/ 
to^T©M^-e^5*^ *fgE!Mfr3/<;7 77!£ 50 
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^ s # 5 to < d mm sk ®mc s % 1- t v ttfg tt 
[0022] 

*>6«'^7rlk, i^777l±fc:«il-fcIII 
0&< b HMNMfefr 6 * 5 x M * * + ;H 6 «jS t 
n%ft£ft¥$#x£**->+;l/7X/N£K^-r, K>< 

**JS1-S*BftttM\ as-grown«ltlIC 

(0^7 771^^5*^1^ as-grown 
{CcfcO, /Vy77JB±E*ta*tiSlSgJiOSiii«!ilO 
[0 0 2 3] 

72, (GaN) /W7rl*»rtt*«**«Kl/"C, 

(0 0 0 1) tt5Cffi^77-r.7^fflL 
fc. S«ttSS*5 0mmi:tSP3^*oT, J?«tt 
^3 3 0(iniT'$oft. CO»RttCZffiTWJ*?tlfc 

tlfcfc©1?*So I^SffitOgiB^TkSJfkTVtx^A/ 
*ffi%*n*7>7^4nJ»bfa»S*fc. 

[0024] mmzy-yummvmF 

7> (-) 9 0°C, ?-Vf£tim\ kg/ cm 2 ktS 
7/Un>*"XtcJ;f), S»tt5U7 h;l/0«St%feoT 
® 1 0»I8I«« : p u r g e) Lfc 0 *<D&. 

R£1P'\<D7)\'JyiS7><Dm&ttW)tL, Sf5<Prt%iS 



(8) 

13 

y$&#y?x<®%.Lko nas«««3x 1 O' 5 To r 
bfcft. HKi»»!a«*STtt««nftB^*«v^t 

ft, l o#H, S#tt3 y >y h oT 

[0 0 2 5] SSSft, Kl&*F'\flH&-f 5**©«1*« 10 
#3 U <y r-;l/fr6.«#9 'J 7 K/HiHf irSfcW&T, 
±IBO-b 5 5 y f MARK 11 b T fc: - 2 ±©»IS©rS 

«R«Httn!»Lfc. 4 5 01CC»2 0»B«» 
bfcft, H-fSPii: UT^ftSfT? 6 0 0°C©j£fiS 

[0 0 2 6] 2 o^Hism mm® 1 o y «y 

fctiT/l/S-^^S^ff^rtMHAStifcRft 20 

^jSflSKifr (vX7n-n>hn7- : MFC) T* 
1 . 0 0 U 7 h/l/08(tlfCfl|fBK|iJ8PUTSlSft a fc 

sit (n) mmmtLT<D7v*=.7iiz 
<omp^<om^mixi)^ \ #mm&, #y 7 

h (Ga) «^^tt/ch>J^^I/*"';7A ( (CH 
\) . Ga) *Si5jPtc«tStT» Sffctf'J^ (G a 
N) /W77B©tfg*lffl&&bfc. h;**;mpj** 
©S*atF^O«tettXr^b^8l«^77- (5t£) § 

SJWSOfiifiliCJJoTV-l'tX (-) 10°C±0. 5 

•ja^®**' <7u >y^oaattM f etc * 
3 5 y u v h/w (mi) t«ffic»wurc. ±E©7> 

frt>\/ U\lt%nWt%t2X 1 0' fc&3 0 C©$ 

ijaiSMmcv/ nijtTi?2o#is, nm#x<D&$g 

rl*MLft. 40 

[0 0 2 7] tf77>f 7g«±®±E®*#*fcoTjS 
SS-SfeSfctf 'J 7 A/ 7 /S<D»rffi^3g^PSt§ 

|RWft-r*yS/--ryy (ion-thinning) 

SK*o»ifbt/fc. i»sft> HRW&jaaswFSfc 

^ffl^*?tr-AiPji«ffi«:2 0 0*ci#;Vh (K 

v) tuT, 2awaRfffii?/vy7 7S»fDiioaa«ii 

£«*bfc. <:©* ; F««»fc«fc*WSW:, *^«S^Ji 



WBTl 0-12 5608 
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^5i:S(c, ?7 7'f7g«©«ffi£IJli:£ffifcl9& 

#*Sllfi©KS, BP^, /Sy77fl©BJP (^6 8n 
m) lCftbT*ft, 3nm«TT'&o/c„ $fc©C» 1 

nmrnmbrco *©isit, &*eaa©rtawc« 
fig-r § n&fmwi &¥ft t & m& t t ^ * © # s 

/co bfrb, lfrfiioSaftS*»i**^tt2«i:t 
T«£bfclMSfifi©S*tt*fc* 5 %fct»»fcftnfc 

#6Sa*»6*«^ > y7 7BA , a s-g r ownKIt 

[0 0 2 8] (gffiffl|2) *ME£9£)1 0 0 0-1 5 
OOSU^-h/Wca (mm Hi 0) fctt&>fc«JE£ 

0, lfk7;l/^-7A • #'J 7 A (A 1 G a N) SAA" 
6fc§/W77Jf*J&SLfc. SffilCli, ffi£<£ (0 0 

o i) ocffi-9-77-i'7%ffifflb/c 6 mmi.vxvBai 

lSSft-CW*£nfcftStt2 5 mm, Mftl 0mm©fi 
tt 'J # y«3 1 *±*f»»fr 6 ^»r5 ^> 5 -y M. > 9 , « 

muxRvmmmmm, iooo-c^^sss 
Tvm%m>T'7--b (MtKbmm) znrM 
T*fe£o mw&<o$m&fi i o o'cr-y vm%$mvV3 

m®l8*fi*-J* (MQ) itSiilfckT^K* 

fttfc. a»*t/-cft, sttgffifc#fl«*fiaatLTiin*a 

[0 0 2 9] ^Sft, ±EO#l«K«e^^lffl9Sn/'c 
^7 7 W7Sfi**##I*fflOlSttaE3l«!oftSdi 
«*Prt»c*¥fc:EHSnfcS««llfe © 

j:o»iii*nfc«jai*ftV'ftx (-) 8 5°cttm 

m (N» ) ^7KJ;0«!m (/<-S?: purge) L 

fee rta©«j!rx»fc»iBffi**ffiLfc»& 

ft«E?>%^bTy-: 'MttmO. 7 kg/cm 2 (C 

assnrcSsR^x*s^3 y -y h;i/©aa%t^r 
*a#v^»«tfc. naaw«tt5x i o" 3 

(To r r) CSUlTSiSSWlU ^©MSlStC^ 1 5 
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X (-) 9 8X£TSB$it*?Sl#;*fcflDj8*/c, # 

[oo3o] R&ip^mt&mvm&n 

#3 U y h;l/fr£g#9 U 7 h;Hciil-r*tflf#T, 
SlS<FrtOE^**aE«fc 9 ft l 0 0 0 5 y h;l/* 
tt (mm H 2 0) 8, fik^fcLft, KJS^OSffi 

»5|-r*««*«itfc7y*-7l»fF8BKl-f4E« 
©*&£RttfcMlfcilfli# WJv4m ©MBS* 
SIWrscfcJcfc'JfT-sfc. cOETJPStfEit (tfx 
V0 £i£©»®E*litfr 6 £ ft 3 S»E*» C* U fc 

■»BI»3-f/UKKHil (SXJ§&&= 13. 5 6* A" 

'vi/y (mhz) ) mtimtuLtco mwti 

5 0*CfCffSS^ S«?:»P^L/Co 4 5 0°C(C^ 

2 0»PMWbfc«, *r«Pli:bT**«Bl*"e6 8 

oicojssiasKSiabfc. 4 so^ois^o^ 

*^66 8 0TClcHar*lCtt»5#*BLfc. BUSfi 
iailic2 0m g$£{$$UVy7 7l©fj£Sfc<I*. 

/Co 

[00 3 1] 2 1 0 V 7 h/P 

^-r«7;l/5-7 A^fe«©# v ^rt t irm * ft fcJWfc 

7yt-7^mfb*#fc7>t-7 (N Ha ) #X£» 
^SJMSUHt (Wn-3yhD7-:MFC) T 
§#3 . 0 0 U 7 h;KO«ltc«HBH:#J»LTSJSjlFK 
ttf&Lfc. (N) {ft&H&i: l,T©7y*-7#X 

(omtp^v&mfflt&ixfr & 1 #ihiiii& # y 7 

A (Ga) tfch'J^^n/^y^ ( (CH 

3)3 G a) Rtf7/l'5-'7A (A 1 ) 0*^11^ b/c 
h'J^^l/7;l/^-7i> ( (CH. ) 3 A 1) fcfiflJF 
m\t7)V^-^L • #y 7A (A 1 G a 

n) giSfr&*5/W77i©j*g£Mi&i/fco vv* 

Mt&OfiSMlC <fco"C0°C+0. 2 Xfc 

y y -y h;u (m 1 ) tcMtticMtPL^. h «J ^mpj 

^AfcPttK h 'J ;< fort's -tf^fcXryUaaS 
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Site J: 9 1 7lC0HSfcfiM$Lfc. MJj^WT*? 

3. 65'jyy h;l/fcLfc 0 C©#y7AMtftC7/.VS 
-•>AJRfiO«|&Jt*-Jt»C«»t4*«6, 2 OtfHHc 

9/»fflJffJt£ 6 %i:U JfJi£7 2 •* J *-* (nm) 
fcfSAIw. G a oh N?g B a B ^6^^^7 7 7l^# 

/Co 

io [0032] P7x/\©fflJt£7;U:Jy^*y£*iJfflL 

tz-W^^^y^-^y^f (ion-thinnin 
g) ttc*9»lftbfc*, HRttftiSaS^IWRH 
{C<fc9S?t*-A/)D3ISE£2 0 0*o*/Vh (KV) 
i: LT, )ilH^ffii7v i ;7 77iifrffi<Diiai^ji^ffi 
gt/co 01 2tc»rffi©S)§*?^tam^*lSWfc* 
to CO'W77$ (10 2) (iBrffiOt&g (12 2) 

*<afi*ii^6o±*o*ifli»c${kt«#*Sfita (i i 

3) frSHWlSnTl^. ¥&A& (113) ©1$© 
3*« (115) ttfta«i:ttftoTfe6-f. 
20 n^ii&MXhoX, C©/cii>, Wl&gi&tfffl&lCflk 
£lX%%^v77m<D%mMtftM#<0%&W%<> 

%c>fr%mtt£%?x^rc 0 &#£5&©ffliii 

©WHS (&£) «0M&fi£STii&<Btffic:&oT^ 

fcft, ^sie^^ijffioiiipafliattfc^o/co s 

K» (113) £l§$t3te?ffi©Efitt£* 

tfe^ffit (12 0) fre&Vttfttt (113) ©ISA 
1g?S(i:S«i:Ol?ffi (10 3) KSii^KBtfWfKE 
JUSftT^fc. B5gt-5#SAm (113) ©t@5F.gtC 
R^Ttft7B5« (12 0) tt«ff¥fTCiE5l]LTiy>5 

30 • owmtbWco m&mmrsiztt^xzmm® 

»*tfcJMS*ttfiMl^f**6«:6, H-W*EiRl1t* 
^t5*^E^bSlfk7;l/5-7A • #'J7AiE« 
^?>*S#ISB B BeA^*S^777l^a s-g r ow 

[0 0 3 3] (gjfcW3) HfEMOCVDtfftflSKJ: 

o^y^i* (in) *H-KyytftBftjffUfi» 

(G a N) ^|g B B B |4^?,^^ft5^7 7 7«^ff^L 

40 /co mmtbxmmmimmm-m^ mm, w 

mm i icmmtm--<Dmm&?X'(yWL k-7 
§<k^y7A#iKA)fi^e.*§/ < ;7 77i*^t5^ 

[0 0 3 4] * Oft, Hfig^J 1 !B«Ogfk^y 72*^7 
77iO)jjt5^li(C*i;T, g{t^y7A/Vy77l«: 

$«a (D fiSclsaso* (2) ^>y*7AOF-ey 

yoiiMffo 2 fi)cs?aa«^ >y7A%# 

50 Wt5^7 7rli«:)g*St5Cfc«i!0gLT, SlJfiffll 



(10) 
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tCl±l,5 0°C{£l>5 5 0°C£ t/co ttc. 

- e y yjgs # x*tfg£rt ESint sctHott 

ffiir-TS^^D^y^i/'x-yl/^y^A (Cs Hs 1 
n) Zmtfco CVJyWLY-VymWJt 

mc£i)6 0±i°cizGmLrc o zommnmic io 
ft, t fc-r y Lm&ffltt % hmwmim 

fizznft l 2 0 5 y 'J 7 h;l/©SSilT'«Bi^^/co c 
3. oo 'J 7 h/HCMFCKcfc9?i®K»Uco 

T, V/11I ttattl. 9X10* X'&ofco CtlZO 

[003 5] m^^m^wmm^yv^u 20 

tlfcSffctf'J 9A/Vy 77l0JSft*»7S£fc«, 1 
Kttl»Sl«» ?77>T7a«*tflPt5fci&fcfiiJi 

>t;i/- 7fr*/\&&mntt omj 1 s-K&m*t) 
oiaan^fii^fi 5 0 0 °c 1 4 o /cb#^t?7 y *x 7 

m***&*)7>\>3yfiKz.mLfco mm, rj&p 30 

ny*SfcK££fc*RKt*ftgy-h#&fflibfc 
ft, *y*-n»y*grt®£3SfSUfctflc7;l/:Jy;tf* 
/<-^*»laHI0iiU «»WK7;U:fy;!fXtf£rtK: 

rt©WS«Wr±*»6"»77-f7»ISi:-r>^AH- 40 
7§{t#y7A/W77li:fre>&5xt^*-yt;l'7 

[0036] ±EO*ftfc * 9 »*£ ftfc-f y ^ A K 

S3 SIMS {z$tf*y9MtoVftk) IC£'0%}6 x 1 0 
" cm' 3 fc£t£tifc 0 S?S (29 1 K (<r;uey) ifi 

ft) , fS^^SS (7 7 K) fttteOffiiS® 1 0 KT 
»J£Lfc7*h;l/5*yfeyx (PL) x^^h;l/±tc 
it, Sfbff'JtfA • ^ys^Aiis&o/ty Ki^ft** 

t»3tbr-^OHiSftB*6ti*frofc. fJEbfcfcH 50 
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K- tf y 7 5 n/cSffctf D ■> A; Vy 7 7 Jit* JUS Aft 

StfWKJUoTV^, tat>*, I«]1RQ*2KE 
loafk^fy^ARlfSgfkT/l/S-fA • jtfUtfAiEft 
*» 4 5 /< -y 7 7 1 1g?E?"JO¥tTtt(c Ol/ >T 

«»fr&«J*Sft5>W77*0«iItt3<fc7;l/5-$ 
A • jtf'J«7A>W77l0«£fcfflttfcft£&frftlftiii 
tfTfcofc. l*UW6, «$20X10 < fiO«tt) 
K«*T-T?Sfi//^ 7 7JHaoffffififi«1B«o»fiBifl 

zmmmmmm 1 E«©7y K-^afb^y 

7A/^y7 7lt(i^'>, SftSfcOfc&^feo 
[00 3 7] (Jtttffl 1 ) *Jt«IM 1 T-tt, #is H B H ^e 
fc5 A-y 7 7«)!MfiS©gEtt!S<Dft±K t fc 6 1 J» 
*BSfctiftoT^fti/vW77lB©<l^fcWJt 

s-STiE^*. s^aa^3 8 o°ctL, ^nJi(^tt± 

EO*«« 1 ££< B-0*ft*fttttfC*fi»ffK * 
0§lk^U^A^5.i5:5/ i {'y7 7l^)j!ttrco filcSffl 

f#e.n§BJStt2. 5nmC«'J>l/ft. RHEEDSM 
tf K If ffi T E M ffiK <k 9 C ©/ Vy 7 7 lOttfttt *ff tt 
Lrco BrffiTEMffiCtS5^*y7 7Ji*flljSt5»aifll 

ifi©aas ; fiiia*f«ows^5. *jtftwi 

A>y 7 7«©filfig^{t 3»c*B"JSnfc. -Ottjft« 

©@#r/<*-y£5*5fc©Ta&»). ftfio-attiaSi^ 

>f-y hfcEHfrSt^^tS/^-y^^SfcOTife 

*t**o ep*, »^-y^5>, -o<d«s^« 

#T**i:*BWKllP«rSn*. /W77i<D2l 
ffi*^^P>nSRHEED^^-ytffiStS©{t, 4 
A/iflslSfa©*?*^^. IoT> C(DA>y77l{t$ 

B B B 3fi^S©1g?E?U*2l^«?Si^coiSi^»tlt- 

l|l|Sfttt*1ll«t**?H:S*»iilc«tfWCEJ<Jt 
T*5 0, ffiO^HST-tt, (7k¥ffi) CW 
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2 9 4 7 6*f. ftM¥4-2 9 7 0 2 3^ *t^¥6- 
1 5 1 9 6 2^RU® M¥7 - 3 1 2 1 3 5 0*f^l8# 

(0 0 0 1) -V77<(7&BL<0--to9Mva&W1fift 

/Co 

[0 0 3 8] ttfEtS 1 «k01{C<gjgO2 0 

0W3O0 XJSOlBOfifiT'tt, *%W%tfUft t 

*K»«©*fi!Wt8* § tar** o /to c 

-74:05J&Jc«k»)fii oo 0 cw±oi&at'4fi2t5t 

Sn5^^;l/^U«>A75F (G a (N H? ) 3 ) 
(I. A. SHEKA, 1. S. CHAUS and 
T. T. M I TYUREVA, " THE CHEMIS 
TRY OF GALLI UM" , Chapter 
6, 1 331 (E LSEV I ER PUNBLISH1 
NGCOMPANY, 1 9 6 6) ) <OWt. A^ttSfc 

tzmm (o tm (h) tm^L (Ga) tm 

(N) [C-H-Ga-N] (J. E 

lectrochem. Soc. , Vol- 118 , N 
o. 1. 1 (1971), 1864. ) (OmWt&toMX' 
h 5 ©^fiBf^-r S ICS 5 4fr o fc. C ©$&<gST'£ 

jSTStoKrtWvefctu 3 o o."CWTOfiaTtt^lS 

/Co 

[0 0 3 9] 3 8 0 o CTJ#g£-e/c±!EOAy7 7]f± . 
1 1 0 0°CT*7yF-7gft#U'>A$gS£trF 30 

oT^fiStt/co LfrU dEMoaBflttStESWW 4 K J: 0 

mitzo mi 3«e«y v^&vjzz.t, mo&m 

SM^^dPHtc^-rBrBiTEMSiT'feSo >W77lf<D 
±fc 5^St T^5^ B B B «f*0!J A, ifttgfkff 'J* 

ffi<-9Hi(0 0 0 1) -*T77<<7W&M\&kkzs 
-grown «fO«SS^JB*S* S C i: * < Lfc. 40 
»#"f*#B*{* (10 4) #S«SlS®±»KJ:»># 

ft (1 2 3) tt*OS*SUlK«Sbft. /W77* 

(102) otttJ^BfllfrKaftlfclMKtt ( l o 
4) fc&SAQtttt (12 3) T'feo/co a s - g r o 

#S^(c^ a H B S{*^^L/c/ci6tcSffioaS^SSb 
fclfitt (108) T'li, Cffi^77'T7S«(ciii4c 
)BiM*»lfil'NOiafi^flt»i: * 0 > ffifi ( 1 1 0 0 °C) 50 
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T'<Sl^-fr/c^ft**'J7AjSSl (117) rtlcfcgtf 
CD^IaAft (118) mSLT^/Co #@A8 (1 1 

8) tt«5»c«Sfc:d8£-*\ fflfl:LTa4LT*$!K 

#*£A« di8) QMS (12 9) micttgit (tJ-v 

h) (1 0 7) jWfcfiELT^fc. (1 0 7) 

fcfrrSffiHfcftl&UTjSgJB (l l 7) retry h (l 
0 7) ^iUl^/c. £fc, JMSAfi (l l 8) 
fiffi ( l 3 0) £$fi£t3ft$£>MgI5 ( l 3 l ) *^Hl 
LTSMUT, tfgfl (l l 7) Mt, (l 2 5) 

Aistsctt^o/co coat, mfflgv'g&go 

TSEM^c«nSJ#Sl£ll<Ib/cxe**i/+;WI 

[00 4 0] mm 4 ) #Hffi0lJ 4 *58UiKfifc 
t>*/Vy7rl««*r£lII Kaft**»f*Oit** 
J/+;I/«>X/N*^t6a3t^*-K (LED) 

7 7 ^ n ^m^h 0 wm 

ffiOffiSLS«fiOlPl±K <£ o T t - * H<D/)Q&<*gS t 

#{4£ (0 00 1) fctSCifiT?**. |SJS«tt7yfl: 
T^-tfAzkflJttlCgfflTft 1 #HL t/cL 
<< * >SESWtlB21ffi*f"Jffl LTl$fr:£ tlfcS^7KT7j< 

ft* t fc& HK*BBK*^««!!a» LTft«««fc. 
[00 4 1] ^^xfc+r7r-r7Sfi^»{*III 

«0M$ti^XfiKB6 (tr-b7*-) ±»*^gi5(ctfi 
L/c„ «ft7;bd>*»6«ftUfcftK^W 

(ma7->-7-) utaafcionwistifcT* 

ffilcffi^Wtc7;l/ny*'7^^t5i:«^Sf5fe :1 rt ; & 
^L/Co 62 0m 7^>^ r X<Dg^'\0« 
»*«HKLrc. tf77^7«fe£K«L./c+Hr7*- 

ffiu/c^csis^rt^At/co core*, stSJprt'N 

2 Oftm<07)VJyfiX£&Z&.fofi i ft<Ort-V&tt® 
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7>f7gfi©iBfi*±SS£fc. 

[0042] jj*/Xrt/*ftLTfij^rtfc8ta*s* 
IttfXcDiiitt** *rt/S/-;l/£S©M F C ic& 9ftft l 
0 . 0 9 7 F Mcft&kftm L&ifi 6 . V774 7gfe 

R JBOfitrLtofg® k - * K ± 9 ±K fi»ic J: 9 JOS! L 

it. v77j7m*-mcmufM<D6 5 o-ctcms 

01CT1 55M8L/cft> 6 5 0°CK#SL/Co 6 5 10 

oicicMabfciiao«ueMt*«w»bT*»6»i 8# 

ft, **3tfX«rS^e j9A1-5fc«)«!>WS l / 4 -f V 
^<0^ n a D#3 l 6 LXryi^X$f-a-7Ef rt£7 

Sto*llttl/Cfr5iBlfc 2*Mfc ^fitttf'J 7a$*s 
Kfi Lfc h U ;* U 7 A%7 y t-7 k n U < ?J< 
jRtfXKSfclLfc. 7Vt-7Stf F y /fvWJ 7 A 
o«ffl»«3ttffc:(«l6»iBti*«lM l KEtoaOT* 
So 7y*-7©Sftll4«*8a* l 0 »J 7 F/i//#k 

u sj»5rffifta'Ma*fi*«ai« 2 % k -T § m f c 20 

\Z&K>mz. 8 0 y 7 hiWcffll'lcWL/c, 

f y vum-kmM* 1 0 = y y 7 fa>/# 

tU H*OtHlffii**"r*MFCKJ:»)Siai*«» 

3 . 0 0 5 y y 7 h;wc!Ti'iiitnfc7K^*"xTv i !7y y 
ytsckfcfcoTPjetfco v/in Jttii. 2x1 

0* kfcofc. COJH«^3fctfK*+y7^tLT 

(DimiiTsmmzzommkLxmL, 

4 n m k 1 S 7 > Y-WWcfi 'J 7 A A 7 7 7 1 fcff 

ft. 

[0 0 4 3] B-jfcftT-ell re 7 y F-Tlfktf 'J 7 A 30 
7^-y 7 7l<0»rffiT E Mi£lcflc5g&fr C 
7 7ltfflMI%1Rfc 50nmiU 

iSAttffiso^tiB aa^ms) tt (ooo i) -y-7 
7W7S«*BiK:»LT»i±*tcia«WKaft-rso 

gtf$9&£n/c«7k-A£/^y77«£$)£UT^ 
3&#SS B B B ftM*t LT»«* ftfc£*ej&ti©Siils] 40 

SfWi^'-fntx^y h o±o /^-y-e&9, en* 

9 &#SS B B a *itf t<k# 'J 7 A¥& Jlffe 3 ©tf HHSt k * 
ott. Eg2^y^W7 7^7S4£©4'&gBfC 

fflStS^7 77l'f'*»oaiB©RHE EDWP3I 

«KSfe5^777B©ja8ffijb^<9RHE ED«1? 

7®£ftk UTt4#«sa-e36*c k^u^n/co bp 

5. #Hj58$H<9g{fc#*y 7 A/W 7 rJItt as-gro 50 
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w nmr-mc, sfctfy 7AcD^ B B a s*^stc^tc 

II^LT&SJiMS&Hk&oT^/c. Mfc, iSifg^T'O 

m (**#8ro tia^T-io. 5jg c ) tmrcttv 

&©T'£o/c„ 

[0 0 4 4] g{fc#9 7A#^ B B B 6A^^1-3/^7 7 
7m<»&m*.%*\ 'J 7#X'\<D V Vtf-frtiV 7 A 
*Stnk*/<7y y7"#x©$S&£f?]b-f k£&o 

*-mff±Lfc»» 7K^*+ y 7*x©«ai*»«' 1 

0 . o y 7 h /Mp c,¥ft<DUft 5 . 0 0 'J 7 h ;Hc»'> 
cftfcw&T, 7/i/Jy3tr^*jSfi*rtKS» 

5. 0 0 'J 7 FM>SitS i £ , *>oTi&taU *+y7#X 

o«a*s» io. o y 7 hMcuntko mx, f 
ftoumnttimmc* 9 owe. 1 3°c\tii- 

/Co 

[0 0 4 5] 3R^O*+y7^X08ill«S»^Kft5 
ffii^Sft^iR^t S S T-fiiSft « L reft, k - ^ {c ma 
73*^?:tij!)D$^T8«©iSSf^ l l OO'CK^fiL 
rco «BW©««i:**lr-t7'^-i:»«t*t-^ 
affi©lTtEBLfce&-e&- ny'7A^*W (J 

AM 1 0 0 0 C^1-(CSo/cBf^T\ 7ytd7*"7(D 
iil^S^2. 8 0y7hM^S^4. OOUyWV 

fctiiL/co sifiiftsoffi^ffijfctfjcaaojsucff^ 
7 y^-7Sl/3^ brfr 5 »ft»c h y ^ f- 
;v**y 7A^/^7y y7*b/c7kl#x£3tf$ft&fi£ 
^ptteferco entcefcy, 7yF-7Hk^y7AfiK 
SS<Dfg^F»1tet/co 7> F-7Sfb^y 7AfiScfii 
{±, 1 ooot^S^-SSST'^fi^-a-^lT'feSek 

«*T»^ 7 71, *^l43Btt«»Kftlfrfffflfr 

^77 Fakt>»*n*. 7yF-7Hb*'y7Aj£ 
m<oBi&\c&rcoxii, v o*?)ifivvh&imt 

SEffJMK (^y) *«HLfc. coh'J>«f-7U*'J 

^Aflu&^w yttfi*8iai%s»3 0 3 y y 7 F;i/kt 

6MFC*«*.fct>©"Pfc*. ±E©7^y77S(DJfM 

tfijfflLfc h y ^f-;wr y ^um&vjy tit. 
nrcMFco«"JWnifi4i*8iti* < fflji - r«. 

7-YyOM F C*toT/t7y y^ffl7j<^^7.<DSitl«: 

s» 2 0 3 y y 7 F7i/fc$ijS9t, h y >w#y 

Glfft57j<^7^7y yy^fx*** • 7;l/rTy*-v y 7 
**X{cjg#^-arfi£fi^tc^)!iaL/co ±I507y*-7i3it 

ft. f y ^f-zw^y 7 y^snftstf^r-v y 7 

*«tSUTJB)P*«3. 5/imk-r§7yF-7S{k*" 
77 F-7Ht#y 7 AfigfiSa, ±E©*ttftttfr5 
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%Z>rt-y77m*l : i&tLTBf$.2tlX^Zrzlt). RH 
E E D/^-yJilCr-f 7-XT'/Nn-&f|Rtf<D|5]}?r 

ttc, miinBO&.m*mL. XryT* (MS) x 

y 7 i§fi«/< y 7 tm t vmmfr e> jssw>£ib©£ 

fit*** *'>LT^fc. TVF-TSfktfyfrAlSS 

®SffiT*<D+Y y 7«fitt« i . i x i o" c m" 3 tm 

^tfy V (8B7L) tfJ&HBa&nfcv^ffittlSKfcn* 10 
t<D£&o/c 0 

[0046] hy^^i/tfy>i»*B#-r«**/^y 
y y#x©jd£S&'\©8aiii*ff it? § c k % t ■» t 7 y 

t^rsa*** y 7^x<D^fiEMmc^i^ ; eo* 

8l/CSttW>iBS£7 6 OTKffiTStffco 7 6 OTK 
giJlLTA>c. 1 0»l, fiStfi^rt'xhU^^l/^y^A 

riOfSgBflcffifflLfc h 'J **/Mfy 7AfflKf 20 

jSHiawic * y o t »u ^7" y w 
wm<ommmft2. oosyyy hbtirc hj 
* *tvx y 7 ^©<as^©s*p tmmc, muz y 

t7W<.y$i/3-~)\"(yi?^ L (cyclopenta 
dienyl indium) *Str**;tfa0J*&36 
NSiinLfc. *S£«* 1 mttZistV^yti/^-b 
h (C« Hs I n) fcrtSffiCfcftS^fcX 

fyHS-^'J y^-S88««?SHa«c«k 9 6 5 °c 

^AS%H[tf , r5**^X08liattMFCC«l:')S» 
1 2 0 5 'J 'J y hrt/fc Lfc. £40111 s»80«ftffl 

/co in mmmm^mmmm^mx. m 
mmcimi oo PP m (wmuft*) ©yx^/u 
s« ( (Ci Hs ) , zn) zttsTsmfcmiizm 
mi3zmmz-?yfiy®®n&$y*£om3 

0 5 V 'J 7 Wl/OSSlfcfc^TWI&Lfc. 7^x7© 40 
fiti£*5#4. OOUvM/fcU #4, «#5. 00 
y y h;KD)5Si07j<^k7;l/3yk*^^fi!t2n5^fi 

ffi ( (C. Hi. ) 2 Zn) Zt&miSWtfLMlt 1 5 
ftlifcM y i: * 3®£M F C TflHgKIMffll, IBS t 
/c„ HtHC^O. lJi*tt5 0nmi:t*, ^y->*7A 
©K7i8fi*#)6. 4%ktMoffiia (Zn) #H-U 

yvznrcfywL^mtijvvhmzmrco 

[0 0 4 7] CO«ft*fl : TT»5n5'r>^f^W 50 
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n§ 1 I&©ffi§B£ ( y V l Xh o T f> n JB£S t 

fc. s iM's»«rtttntf» s»n>rys>*A3*iSft: 
ff«*si«Lfc. immm^y^Ltmitav 

7A1E&S3 2 5 nm^y^A-^F^^A (He 
-Cd) U-tfJtfcjSWOfclRfctt* ISES^Ttf- 
^»ft*tt4 4 5 nmi;-f6*fe©7* h/l/= *-y-ty 

x (PL) BjfctffflSLfc. i-y->*7i,«nic 
<k*gfifl:K:J:98{btfy 7 A • ^y>'7Azg B B H*« 
$ nt ^ti(i*ailt 5 lit ©|B)rlB B B<0/^ Fffl5t^ottl 

ffiiiig465.n^o/c 0 istp-osiiisff-p. in 
■ktt^yy^h^M%W) vLMx-it. mm 

CJt«U *5H*«llC»ffLfc. SJ?*^2 00n 
tttt, fp^Kft^4 2 0-4 3 0 nmk?S»fe5i 

^x-?^ h/WttHHLfc. Sib^y 7A • 4y¥*}iM 
&w>f&zftx^mmtm?mu&<D^yh'$iii 

stt-rv^^^wsftjyy^ABoBSKSSKtt^t 
e-^astcSiSMiKk^T-rsfeotJft^sn/c 
v-iomx&Zo mB*fri<i*K.&\ is® 

ix\mtfivvi*j§t<Dmx'%£t%u\ mKM<owm 

(droplet) lcmmi>X%£.?Z<Ot)\ \&<DWM 
iBK^fllttOl: v o Wp% < lolllicins 4 5 

o n mft®mmm£tz>%mmi$.*nmLrc 

0 nmkb/co 

[0 0 4 8] -fy^i»Wnafc*y 

ff±t5«:fc*t,oT»Ttfc. c©-ryy"7AF-e 
>^igo«*&*fp±urc», Ktstsss^7 6 o°c(c 

Sfc, 7y*-7iJZOmMZ*&tLX, IE 

sttim ^y>>i»«i&JSSoiss^'N©aiiio*«« 
t/co ijvoLmm'm&m^tomu* 
m±Lrzvm?7y ; e=.7mK%%*tox.ficm 

MMZntf 1 1 0 OTlclff Stf fro 7 6 0 "Cfrfc 1 1 

-A (Q) iifttts-b^s-y^Ht-^xu/ync 
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tco 1 1 oo°cicfmimmcmtxwL!8.m(D 

Bmcm Ltc h 'J WW*) 7A©#f&Ef 

^■©Aftfc&l&k/co l^lll©fiitfi©»J»!K2&^ 
T« . h u ^ ^/U# U * A t h 'J ^ 7-/i/7;i/ 5 - 7 A© 

tfg^©^Jt$*7;U5-*A»Slt*0. 2 0fc 
t*afk7;U5-^A*^Ufi»Bft (A | u Ga 10 

o.» n) mi&X'zmicm&Lrco ccommthv* 
mmtZ'W yvmm<owm%u f c xmmzu® 

*5Ci:*fcoTiSJSL.fc. JMtf8 0nm&4:«& 

7;i/5-fi»o«jatt:*o. 2 0fc-f*Sfl;7/V5-* 
a • tfy9ASiw*5**#u*/»&tf7*s-*/> 

t/co *©& aftjRNfihrt-sjtfu^^iiwBfff 
***#x©8ifi*-£fcii#-r*--2r-c» jss&rt^ 20 

jR^O«i*MFC1»jli^ « / >«-&«RWKttJSft 
^©jSiOfctfikL-fc. 7;l/5-*i»IB808&ffl©** 
;<^'J yy#x©a®*«'>Lte*Tfr 5jSg&^©iS 
iio*+±-t § KS*i£fcIES*K 3 kfc, c © 3 

7/l/ = x7Affll£©l#Si$l£$J6T©§{k7;l/ 
SX7A • # >J 7 ASfilO^H-OJBStt 1 3 0 n rat' 30 

[0 0 4 9] ±E<D%it7)lz.-VL • fiVVLMSk* . 

<mmfiv ^i>Rr}7)^-^Lm<o^.m^<om 
t5***awtTSso^aj*i)i!!6ufe. «wn*ttt 

fc»£AS£*ft8*©#i*tt*K*J!in?tf, fioSft 

g©^g*/j>s<ojSH«-eawLT»iipjwc»aibfc. 

g^©7>^^7^X©^J)Q«r#±UT, SJSJPKtt 40 

$fii?HM£fM k tc?m £ y n*im&* ft* 

U SiSJPrt'\tt7;l/^y©*!b , «l&*ft*tt»i:b 

!&IFflfcK2«»fcU fuK©^fil$T-©7;U:Jy;tfx 
^0ffit/c. 

[0 0 5 0] ii©xk!^*'>+;H©«*iiictt^es? 50 
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f±¥rtttfcgftrcfc©i:fco/co cfttt. 8ftl©gE 
fc£'>fcfc¥S«©3^SftLfcfc©©, ^S±^© 
«UiK#^i**K:¥^ffafTkfcfc©fc«lSftfc. 
£7c, SgS©i{k7;P~x7A • #»J*2»fifiJi©R 
HEED (SWfl^ftBflT) /<*-V*»6, HlfctiftS 
flTffcSC tfi^H, «afcK©ffi£ff'h*^«fittfc 
fift*JMSSJBTfc*l:»*r?ftfc. 01 414, ±!B© 
IgK <}: *) BAi ft fcx k? * * «>+ /WiOttflS T E M 

GSiflt?8iiKM) wmmmmxh*. nm.* 

§{tA* , J'>A^>v7 7l (10 2) fcfflStS 
»#«Efl^*oT»«c*ftT^fc. cfttt, ^7?^ 

7is (ion £<om^m^mcncmbxm 

(12 6) ©lifc^2#S{bff'J'>^7 7 7* (10 
2).rtK0RiK£ft"CV*i: fc%?jVf &©T*&5o $/c> 
) \ v 7 7 ItcRiR* ft? fc ±«©g{fc;tf 'J 7 A$gf 

(117) fce«-r5effltB»&ft*fe©©, *©* 
^ftoettttSfktf'jtfAjssi di7) ©*iTw 

-7* ( 1 o o p) *»jaLT* l F*|8lfcjlfTUaKB1'* 

ft5**ts8fk^y«>Aiafti (i 1 7) rtota?* 

©^if^MkT^fco c©/-c46, ±IE©XS(CJ:0^ 
AS ftfcx t! ->+ ;H tiSfk^' U 7 Afi!cSli±{cli 
abrc^y^7A^)!)nlfb^ , J^A^lMmclfk7 

ft/c&SHl.tttcffift £ t» © i: * r> 7c, x e ^ * > + ;H© 

$%m£%%o fiEoT, ±IE©Hk7;l/^x7A • # 
l> 7 Aigall©^^ kf -y hC^^l^ffittffiKSftSfiit 
fil^»6ft*©tt» MW*Tlc»if^TfeJHHl*© 

»< &mm75miz<mx'$, w 

1, il-W!S:ElRltt©* : ?BWJti:«fc^Tfcfc&Sft53S. 
ASft?./ i i-y77lA\ Cffi*KiRUll(Ett*fii*t 

[0051] mc-V77'(7&&L±icim2ftrci8.m 
©g®tc[p]itTvy^->7A (Mg) -<*yz&fflc& 

®4*y&kim-ki)umnE* zoo*a$i)/\-tt& 

-yyL-<tyW£t%mfaV-Z (source)ST' 

«k/'c. gfk7;l/ = x7A • #U7ArgJHfgffi£91 

tt*PJl«ff*l 6 0*n#;l/b (KV) tk, K-X 
(dose) M4. 0 x 1 o' 3 cm" 2 £LXMfML 

/co «*tT * o 2 © a © v wLtf&x 
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3 0*n#;l/r-£:LK-Xl£2. 0X10° cm"): 
LTffo/c. mt7)lz.-VL • tfD^AigfBl©^® 
jfi«07;l/5-«>i»ffllKJt«'ra*iBfllKlfil*tT**. {£ 
T-r4««Kt4ftlia«E 1 0 0*cu|OH»fttf F-Xl 
2. Ox l o" cm' ©&<rFTH3&@©-f*>iiA 

*Ajjg?®g#S*fc&*Sffifr5>©&S, IPlSSUffi 
^(projection range) fcSWJ'fSfc 

ttSg*SJi§Sja (If— *»WbT, »2«|r| 10 

[oo5 2] -r*y&AjL ^*>aAsaaurci{b7 

/V-x^/A • tf'J^ASJIlOgSKM:^*^ (T i 
N) Mttftrtlfc. gfbf-^^SdfiimocvD 

a, MOCVDj*. »JIK*V^tt*^-ff HO'ttfi 

*>x/<y>uyyaicj:»»»iaLfc. BWtitil 0 0 20 

nmf, JtfiSlttfefcJ:*, 1 0 5'Jtf- A (mQ) S 

fiT-feo/co c©3{t^*>siH^*yaAstifcjg 

^JSttft-rSfeftOflffiTOT--^ (111 

fctT, *fcflf-&TSBStSLEDOfllffif:l/Tfflt^ 
/cJ6©fc©T*&*. 

[0 0 5 3] 3fcf-*>»!lfcJ:DS{fc7;l'5-*A- 

i^«§i^a*prtT'g^HM*T'iafi i o s o-ctc 
tt^T3o»BKi?), 7--;vaa^)5SUfco cwe 30 

£9, a s-g r ownttjR-en}gr*ofeHb7;l/5 

x i o" cm" ttzpBmmirzo **'j7i£ 

tt7;I/5-^/x|a«S:/h« < bfcgMJ©7;l/ = x^A 
ffl$©S#ji$m 7/l/5x«>A©t§fi!Ut0. 20t 

[0 0 5 4] n^yi^Z^lfbtfU^^ftlt 

4 * y a Ais^^JStti k-r s c £ tc * o t p j^it l fc m 
ffiArz±m<Dxv**i/*)Wxj\\c£%\<D'**--y 40 

y«tl5, 7iUdy/*fiy (CH 4 ) /fcmUSfi** 
mt57?Xvxy?y?m(0liai.tiffi*MlT, 1 

y&MQmmmtiiZmtrfiyimtwzo m& 
zymmnmto-mmzitrzy (t d *»stt8 

$bfc -^onff^i® mm) a, ^f-ymxm: 

J: t> -»*RlStf fc±E© n JBSfkJff'J f AfiSfiS± 
7 7b ^ x? A£H21S-f 5. C fc * 1 0 TffM L /Co 
[0 0 5 5] lg2-fyf-©g#0S££iBfc:JBJSSft 50 
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fc#Jl 2 000(@©#J3 5 0//mft©LED?-y7 , tCO 
*«WJR?m ^(Cpn^1t14%iif©7 , D- 
e^jfrcfcO&SL/co 01 5{i£t®D&$T-fie> 
ftfc**iHllcE18© L E D©tt««4«fc-WEE ( 1 
-V) Iffiffeot, jEJ»*S«ttJW§5ftT^4. Id 

*iWl8f[ofi»**Jta**t rutrvHij «e, bp^« 
iowirjse c-iRw&tvf T-nsna) t*&s (* 

ft) £&<D9 0%ZM%.Z%?iCO^T3. 70t')lb 

SfcSWilfc b/c#)3 0 0 0{@©L E D©¥J$©li7?fi 
tEffif* 3 . 8 /l/ h £ o fc. H#|p)«Etf 4 ;U h 
*±EISLEDM:xi;**$/-wMf©ti<Hiia$ (StS 
©HIW80 K£<#aEbfc#. iK^^tAiO** 
g!5 (HS©**fil$) tca^LED©li^(6)«E{il3:ir 
£atf±E©*E©l6Hl*ii:*ofc. WSWflt* 
10v-f^n7y^7 (/iA) tUc^©iS|n]Oi 
E GM£fi«E) tt5V*«itT^ft. 0J*.«\ 

«e (smve&ztizz.tff&^) #3~4$iiht 

<6lWSWE©L E DfcSftbfctf, ^nttxtf^+iz-v 
;Uffl©MI*l$ -(»RO«»»fctaS) fcE&fttVfc. 
Itf^*5/+;l/l<D**g|5SS«T'Oi:©1i^6^Vr <D 
<gBEOLEDO#fttt*W-e*ofc. SP^, l^SP* 
It < x M 9 * i/ m ;l/S©IJ \Z±Wic 1 5 E» * p n 
Wtt*tt* L E D*^H«tifc. iU^i/t;l/B* 

<0)SttOfci{)lcE1ir4StRtt41t i&Hftt p n Jg^ft 
1t*lHI«V^©ttJB3ai©^T.a&5. ±IB©^S^^<fc 

0 , *^{cj;nii^ H B B tt t mm<Dn*£m5 \ 1 

I li^k^ i t £ »<*l^?>LEDfflSa©xk:^^i/+;H 
£7M-T 5 c i: ^ 7 f § c t # $ a lc^$ nfco 

[0 0 5 6] *K±EL E DfcW3faWfo%'1fiiMb%9t 

ft&znmirzo im^n^zom^tLrzm<D^ 

* i'Sfitttt 4 4 5 nmt$D, SJtfefiWftTfeSil 

fctfWKSftfc. <:©^4>^SlB)i^ii6]«jjSffl^ 5 

mAT*£#J4 4 3 nmT'feO, 5 0mAT*{i4 4 0 nm 

< , IM^tf SJBCftlf ^TittflSilWI* 2 0 m A t UzM 
& 4 4 5±2 nm©«H»i:|jaEWftfcLfcL ED©(J 

(>9o%) wa'i^nss, ^--efeofco s 

miSft^ 5 0mAWTT?{iC©5fiJIS^fi«©a)tX^f h 
;U©^S(i±E©*fe^X^^ r-;l/©^Jt^±[s]5C 
ttt%fr?rzo ttz. ftiNfttM&mfEMA (LED 
©SS) fc«#LTttfflKg{tf5Ci:W:ft<, il^S 

**sai*»6**'Ny9A (He) ?aa©4. 2K (^ 
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ZnmiltTftoft, *«B|fc«fa*/<y7 7Ji*JWii 
L /c 1 1 1 «gfcto¥IM*x e * * > + x/n^ P,n h 
ft§ L E D<D#®fi, 5Dt*i&ftgO^-ttt£inA, 0) 
*14\ IIWlWIE*2 0mAi:LTSffl-p»£«tl** 
g&4 4 5 nmfct 3±5tft7^ h;|/0¥fflB (ffi 
If, B&ftFWHMfil) §05E3HSttO^-ttKSb*o 
C0O57] (JtttM 2 ) S^W^ttRCf »3mit*tt 

ED*ftHLfc. /*?7riM*tf>xi£**5/+;n© 
$s&ft tttf k *n <b ox e * * > t /mwhbjot s fc 

[00 58] ftftffll 2 tftit*/^ 7 7lti$ffi0IJ 4 

HU<*7T'r7Ciii«R±k:ja«7 sotTrtfts* 

h U^f-;l/**U 5 5 U "J v b/l/0/<7'J >7 

(B& 10 0%) 3trxo«fiE*63R / voiWMUi»» 20 
0. 7 U» WUfcLfc V/1II itii^-^T, 2. 3x 
10 3 fc«iW4lcttK"rntf«l/4!:»"9fc. UBiM 

«tift. h U *f7Mf 'J 7 AfcfiMW S**/*:/y >y 
»XO*«Si63R^O»*0*4 0»IBIM»LT. m* 
1 1 0nmtt5^fc^U7A/^y77'S^/co 

[0059] m-mTvmcjyv-Tmisv 7 a 

7 7S« a s - g r 0 w n tfttTKfc, ^tSSPtf&Sfc 30 

6 o rc^is B B aiio«^<*^ e>^fi)c$ fttva©**** ft 
it, cnt>mmM>mmmcmm% < wwcwitT 

feO, S3Afttll£©&*iB (StefliS) (4 (0 0 0 1) 
—9-7 7 -r 7S«gffilc W LTftSlflKiMWlcffift 
l/TVfc 0 BPS; *ese©^BC«}:5tWfflttSfi^ 

■e©*F«»B«c* 0, &3^ B B B *i&1&7ffi*5<<^!* 

3aftStt*JS-TN **?tt2 5 g (° ) »ca*3<D 
fcl.3tt&ftfc. co«K:;Vy77lOJ*ftiaKO±» 40 

«» * IWWfrOBM*: * 5^7 7 -f 7ISHS1S £ 
I) 7 L/W 7 7® £ <^£?g£T3te^^;/ 

7 7Sofi!tSfijt©±^(c<¥^ti^t5, *^ttffi#ia 

©»^*OgSKJ:.0»A*ftS««W*l^lSfiia • 
g^JIfcm^tSfcaStfStSftStf, »r£* 
5tcSoTtt^*t\ *lttHWEfttt*/W77JHtt£ 

Htmc< #ea8©&£{*-c*s c t tgb t> {4 so 
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«?ffi05MA)SRQ"#^ B 0 B ecO^*ffi (SI?) OfBI 
©ttlfifc^T, »1 4 KE*0^-y 7 7«©*ft 6 

[0 0 6 0] CO/^7 7Ji±K*«itW4B«OlSft* 
ttfc«fc^7VK-7n»B»fc# l J'7Z»l» nJB-rv-7* 

^frtraftjtfy 7i»^)tiRt;p^gfb7;i/5x->A • 

#y7Ag B B B l£)I#> dUHLfc. pJBSfl^sx* 

X—)]/^if^^L (bis — eye 1 open t ad 
ienylmagnesium: ( (C H3 ) Cs H 

. ) 3 Mg) it-iv^i/VLvY-yzyvmtLxmL 
Lm, 7)idvfiznmmx>8 o o°ct<2 oftmr 

1 0* cm 3 fcftLT, 1^5 X 1 o" cm"' ggT-fc 
ofco *«W4 fce«0ttASftfcv?*s/«7^*y 

©pjg** y 7fc trofiSttfWkJtKtfttfft i /4 

©J»$ofllS-p*o/"co SftW^ *JtttW©>W77 

i±k mmommm & o t jms ft 7 > f-t^ 

(k7;i/5-7A • *y >7^Si6lK:*ifiW4 tmii;< v 
i/VLttQW&ffi o w cm 3 ^g^stct^e-r, 

4x10" c m" gfifc^i-pfeofc. 
[00 6 1] cflDxe^*->-v;UJi©aSffittft»KO 
^jSJb^atSfttfc. cft50ft*ilSffi*Mfttti: 

fiUSETti, Sfk7;I/5x>7A • #y">Al©TJfifc4o 

jS«(cti. kfy h^¥ffiSgJStLT 1 0* cm" 2 ^iSx 
*8, ^■tatLT^SO^Bi&eft/'c. 01 6ti* 
Jt««iJK:«t»«xe^*5't;HO»riBTEM GSI* 
«») WS»«oSSBn?**o HHfcwTOfc, 
Sfk**y7i./Vy77l (1 0 2) *fl|lStSft#ISfl 

tt (1 1 3) ttaiao*fiia«icn*tifcftK*-3Tti 

is«»ai/Tv>fe. m B B a (113) jwisk 
mbkmnm (114) asts (ion sas^e 
• mumcmmmcftMLT^rz* zvmmm (1 1 
4) z&mt Lxm. (116) *^£t. cfttfgs 

.(10 1) affiKWl/Tl^fCSEftbT^SO^BtoS 
ftfe. C<Dfe{u (116) tt/Vy77» (10 2) ±(C 
ttffl*ft^77 F-7g{fc#y9 Afilcfil (1 1 7) ® 

7A5?7fel (127) &t/xtf#*i^;Wl0SSJfT* 
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h%mt7)\<^-^L ■ jJ'J^fiSJB (1 2 8) ©g 
ffitjg, SBlLT^fc. tfy UiCft60Xl£**$/+ 
;WMU81**HLT*fclEffi (116) A«Ht7;^ 
x7A • #'J 7 ASUS (12 8) gS©2JlLfc8l8 

»* fe fc 5 t£*B»* t o T*£ Ufc JHISIIfifr 6 4 10 

[oo6 2] nmzmmimmtfmvicmr'B 

«U -a^3 5 0/ifTSiE^©LED^7 7«; 
? (Sltft) K*!3tt3 0 0 0fiiOLED^'y7'KOl/> 

vi$tt©*aj»ttH7k:s^urca<o9J*p«Eoffit 
asi-rsfiatttoSRv^i/^tiOfcftofc. bps. who 20 

illG»r*«»rtKtt»itttt*t>fc6"rjE«*p n&£# 

ffM^nTv^^ct^t/co coi-vtttttttrt 

5P-oeiUBO*ll(**0»^tJ:4*-5y^ (0 
hmi c) &f&©ff«/f^Lfco ±tE©iO<, *Jt« 
WT»6ti*xvf^*->+;l/««lJaMlo*iB«««4SB 

$><Dt%otc a COfl|*W*-ea:, pJB03{fc7Jl/5x 
7 A • #y7i»fiftlJ:yT«05^ft2©n«¥«l 
ttHftWEtT^feo cncko, «Sl©Sffi±KE 30 

«*ffl<. MoT, H7K^t*4S#*«8it-«EW 

sw*i©» aws t s^cffi t * 5 c t \z.mm 5 i: mm 
T-trco -a, mitftadWtttM-rsR'Xtv^LED 

nrco «ttnWt£Et»3. 8fre>4. otf^h (v) -e 

?S'>%v^ci6, m#ftajwtt*H'r* l e dus^s 40 

ttitf , n u*b sao*^(*^ 7 7i£fM? 

[0 06 3] 

BSE©**] *»fllcJ:ntf, &iiifttt&lft3 Attic 

ffinsm «a{tKj¥»#xii**'>t;nio»ia^i 
^n^ 0 *ois*, %mvmRtftemic®t\zu] 50 
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a^fk»*w(*xk:^*">+/vH*»6«is«n*0iAjf 

fB^ffljaox^+S/tA^x/N*^ $-&fttt 
[0ffi©fB*ftSii«] 

[0 1 1 tt*©#gKfr6«jSSft*/^77»©IJWt 

[02] ^77smmt^mmmtLx& 

[03] ^y77l±K»£LfcJ3«»WI5KS«L 
[04] ft*©^£&fr3^y7 7fl£itS©f£figI 

[05] >^77mmmz>i$gumm% ! kt& ] om 

[06] £fflK^yh#$lfcLTf8£*5iB«fcfcttS 

{k£ti¥»#xe**^/i/7x/\©x£**^;Wi 

[07] \>y\> W) ££<£iyxtf**->+;Hfr 

WK-WEftttO-WT?**. 
[0 8 ] 6 2 0 °C LTjaft*-&fc#*Sfttt 

So 

[09] $#fr6#^ B B B stfjfr£sns^frtt3*at 

(9 2 0°C) T*tfgS£fc3fk;tfy7A^y77B©»r 
iBT EMflM£**fllSH'?i&*. 

[010] 7>*x7/HJ*f-rt/;ffU7&£JS3&fc:«J: 
0 6 0 0 °C TfjScfi Lfcmitfl U 7 A/ < y 7 7 SOKE T 
EM«©*SH-P*5. 

[011] ^77l'7CffiHg±£6 5 0 o CT'/&gStf 
ftSfk^U 7 A/< 7 7 7 B©»rffi T E M»OSSB)-eft 

So 

[012] *Wffj2fc«toSaft7/l/5x7A'^'J7 
Aigsl^y 7 7l©»fffiT EM»0«SHTfe*. 

[0i 3] *ao«iisiw^K«ufcBW)ffi*oa«e 

[014] *«0lj4tC|E*O*»WlC«t)*#*Satt^ 
eft5^'y77H*a«UfcUI«Sfkft*S»t*:xi;^ 
* -> -V ;WiOWSH»fBS T E M SSH T'& So 

[015] ^«sW4fcSE«o*aWk:«t>**tSllft^ 
5,%5^7 77l^«lb/cIIlffi^k ! ft¥j|ftxe> 

*$/+;WBfr&*J«Stifc5Bt* : F (LED) ©ftgM 
&«JK-SEfttt ( 1 - V) fttt*** HT?**. 
[016] Jt«H«2k:f6t)*^y77»*llfl|-r*xt: 
**5/-wH©«ffiTEM«*^f«£BTe&5. 
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[017] /W7rM**Jitf *8fl:;5ry*£¥iMM& * 
<D$l£j g t > W 7 7 «±(C fiScft t tzMl iS U 7 

( l 0 l ) Sfi 

(10 2) /^77i 

(10 3) 1«/'W77B!?® 

(10 4) ftAKft 

(10 5) JjiJgAtft 

(106) 10 

(10 7) SIR (e-y K SlfL) 

( l 0 8 ) IMHttttfffi* b « £«£iEift<«£ L fclfi 
.« 

(10 9) # B B B gtt^iSiSS^Tfc®L/cl^(C^ B B B <b 
*ficLfeHW 

(mo) in mmtmmwm<Dmmfrt>%%*v 

din &mmp&ttz3i-<Dxv**i/*i\, 

(112) &»je*n&ttZ%-<OX\Z***s*to 20 



(113) /W7rS**<StS#JSaS 

(114) ; w 7 Tmmnttzmmwmm 
m * 



ftRWl 0- 1 2 5 608 
34 

(115) /<y77l**ja*S#efttt01M»©* 

(116) g{4 

(117) flssT'jSJistircKb^'J^Ajssi 

(118) ¥tSA& 

(119) mmmmzmuft (mmmcm 
*^ipi) 

(120) ®r®TEM&tc<fc0ji{t£n3te?iB$! 

(i2i> «Hf isftfcw-rina^s^cxgtsft 

S (£l§ftJ8) 

(12 2) /<y77l*ftrtr«*&Att«>ttM 

(12 3) «^0/W77H©HKlS^Tfc«£IS 

lift 

(125) afk^fu 7A^fi)tfisaffi±»caiS-r§^ 
& 

(12 6) «JHfcK*±i:**ISAfcK 

(127) jvi/~<yL (in) z^tzmtisvy 

(12 8) S(b7;U5— 7 A • #U 72>?I B B B &fi$fi 
1 

(12 9) ¥&A£0M£ 

(130) imgAtto^fiai 

(13 1) 
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(10 9) 




(10 1) 
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(10 7) 
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Jj . ( 1 04) 
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(10 1) 



'V 8 ' (.03, 
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(10 4) 



(10 3) 
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